Abstract. In Active Galactic Nuclei (AGNs) the presence of a star cluster around the central black hole can have several effects on the dynamics and the emission of the global system. In this paper we analyze the interaction of stellar atmospheres with a wind outflowing from the central region of the AGN nucleus. Even a small mass loss from stars, as well as possible star collisions, can give a non-negligible contribution in feeding matter into the AGN nuclear wind. Moreover, stellar mass loss can produce envelopes surrounding stars that turn out to be suitable for reproducing the observed emission from the Broad Line Region (BLR). In this framework, the envelope can be confined by the bow shock arising from the interaction between the expanding stellar atmosphere and the AGN nuclear wind.
Introduction
It is generally accepted that the broad emission lines present in AGN spectra originate in numerous, small and relatively cold gas concentrations in the neighborhood of the central black hole, the so-called Broad Line Region (BLR). The observed line properties directly indicate the existence of such gas concentrations; however, the physical nature of these structures is still a matter of debate. Up to the present day, three possible classes of models have been envisaged: gas clouds, accretion disks, and stellar wind envelopes. Each scenario suffers from still unclarified problems and we refer to the recent review by Korista (1999) for a presentation of the problem.
In general, broad emission line regions in AGNs turn out to be characterized by a relatively narrow range in ionization parameter U , i.e., U ≡ L/[4πcr 2 n * < hν > ] ≃ 0.01 − 1 (Alexander & Netzer 1994 , Peterson 1997 , Netzer 1990 . In this expression r is the distance from the central black hole, n * is a representative value of the number density of the line emitting gas, L is the ionizing radiation field luminosity from a central source, illuminating the line emitting region, and < hν > is the average photon energy of the ionizing radiation field. A first estimate of the conditions of the line emitting gas, such as n * and U , can be obtained from an analysis of the emission Send offprint requests to: P. Pietrini spectrum; coupling this information with the evaluation of the luminosity and of the ionizing spectrum, the relation above, defining U , can be inverted to give an estimate of the characteristic size of the BLR, or, better, the characteristic distance of the line emitting gas from the central continuum source, r BLR (see Wandel et al. 1999) . In a first, simplistic use of photoionization arguments, under the assumption that the ionizing continuum shape is quite similar and both n * and U are substantially the same for all the AGNs (see Kaspi et al. 2000) , a relationship, between the characteristic BLR size and the AGN luminosity, of the type r BLR ∝ L 0.5 would then be expected. Indeed, this would just be an order of magnitude evaluation, since there are reliable indications that the BLR material density and the ionization parameter are not constant at all even across the BLR extension of a single AGN (see, e.g., Kaspi et al. 2000) . Nonetheless, this was actually what reverberation mapping studies of several AGNs seemed to suggest until very recently, implying r BLR ≃ 0.1 L 1/2 46 pc (Netzer & Peterson 1997 , Kaspi 1997 ) (where L 46 is the AGN luminosity in units of 10 46 erg/sec). In a reverberation technique study of a sample of 17 quasars, combining their data with those available for Seyfert 1 galaxies, Kaspi et al. (2000) propose a significantly different relationship between r BLR and the luminosity of the AGN, namely r BLR ∝ L 0.7 . Although the exponent does not differ much from the previous one, it is remarkable that the ensemble of the data fit by the latter relation, are not fit by the one with an 0.5 exponent.
In a previous paper (Pietrini & Torricelli 2000 , hereafter Paper I), motivated by recent observations supporting radial outflows even in radio-quiet AGN's, such as Seyfert 1s, (Crenshaw et al. 1999 , Weymann et al. 1997 , we have analysed the physical structure and characteristics of a global AGN outflow, presumably originating in the very central regions and expanding out to large distances as a kind of background/connection for various observational components of the AGN structure [ BLR, UV absorbers, X-ray "warm absorbers"]. A solution for the wind equations, accounting for the physical requirements typical of central regions of Seyfert-like AGN, turned out to be possible only under rather specific conditions. One of the resulting constraints is that the outflowing wind may exist only if its density is rather low. The only possibility to increase the wind density is to feed matter into the wind itself in a certain range of distances from the nucleus (see Sect. 8.4 of Paper I for details).
As far as the BLR cloud model is concerned, the presence of a nuclear wind generally augments problems of cloud survival, rather than solving them, unless the clouds are somehow comoving with the outflow itself. In fact, one problem for the cloud existence is the drag force at work between the moving clouds and a non-comoving confining medium. This drag force would rapidly disrupt the clouds. The observationally inferred information on the cloud kinematics indicates that this motion is not radially directed and it must be characterized by a more complex velocity field. Also, the possibility of a Keplerian pattern has been suggested by Wandel et al. (1999) . Since, for the reasons explained above, our choice is to work within the scenario of a radially directed nuclear outflow, the cloud survival problem would inevitably be worsened by the presence of a radial nuclear wind.
For the stellar wind envelopes, since they are continuously fed by the stellar wind, disruption is not a problem; another velocity component in their relative motion with respect to the interstellar medium does not constitute a problem either. On the contrary, we will show in this paper that this new component in the relative motion of the envelopes with respect to the surrounding medium can be a fundamental factor; in fact, it can contribute significantly to confine the plasma envelopes via the formation of bow-shock fronts.
The above considerations, together with the necessity of feeding matter in the AGN wind, induce us to invoke stellar envelopes as a possible interpretation of the nature of BLR emitting plasma. In addition, the virial assumption of Keplerian motions used to interpret the emission line width (Wandel et al. 1999 ) is in good agreement with the stellar origin of BLR emission. Indeed, this possibility has been widely discussed in the literature. In particular, after two pioneering works of Scoville & Norman (1988) and Kazanas (1989) , the star model has been reanalyzed by Alexander & Netzer (1994, hereafter AN1) , and Alexander & Netzer (1997, hereafter AN2) , who introduce "bloated" stars as stars characterized by a very extended envelope, but, due to the specific AGN environment, different from supergiant stars as known in the solar neighbourhood. We refer to AN1 for a wider presentation of the scenario and its problems.
In their papers, Alexander & Netzer (AN1,AN2) present different possibilities for confining "bloated" star envelopes and conclude that the more effective one is tidal disruption by the black hole. However, AN1 and AN2 assume in their works that the stellar winds expand into vacuum, asserting that this does not constitute a limitation on the validity of the analysis. On the contrary, in this paper we analyze whether and how the presence of a nuclear AGN wind, such as the one described in Paper I, can have an influence on the BLR physical structure. In particular, by inserting mass losing stars in their specific environment and investigating the interaction of the stellar wind with the AGN wind, we introduce another confining mechanism for the star envelopes. We then compare it to both the tidal one and to the other possible confinement mechanisms investigated by AN1 and AN2. Finally we analyze the consequences for BLR parameter values.
In Sect. 2, we discuss confinement of the expanding stellar envelopes and introduce the bow-shock formation mechanism as a further means of defining an outer boundary for these envelopes. Section 3 is devoted to the connection and interaction between the AGN nuclear wind, as developed in Paper I, and the central star cluster, with colliding and mass losing stars, in terms of the resulting mass deposition into the AGN nuclear wind. In nSect. 4, we describe the physical parameters that turn out to be involved in the computation of the model, their significance in the outcome determination and the general properties of a stellar envelope necessary to produce the observed line emission. We then identify a sort of "observational test" for the results of a BLR model, through the comparison with typical values inferred from observations of global BLR parameters, such as the covering factor, the characteristic BLR radius, the ionization parameter, and the fact that no broad forbidden lines are observed. Section 5 discusses how the identified general requirements put physical limitations on our model parameters. The general results of our model are presented in Sects. 5.1, 5.2, 5.3 for three distinct cases, that differ basically in the the choice of the mass loss rates for the various types of stars in the central cluster. Section 6 is devoted to general discussion of the main results, including a comparison with the works of other authors applying different models to infer the general properties of the BLR of a specific source, NGC 5548, which is well representative of the Seyfert 1 class of AGNs. Finally, in Sect. 7 we summarize our results and the general features that characterize our interpretation of the BLR, highlighting the qualities and the limitations of the model.
Confinement of the stellar envelopes: Bow shocks around moving stars versus other mechanisms
When a mass-losing star moves rapidly through the interstellar medium, its wind interacts with the surrounding plasma, giving rise to an elongated bow shock. The physics of these shock fronts has been widely studied in different contexts (see e.g Perry & Dyson 1985 , Van Buren et al. 1990 and references therein) for different purposes.
In general, we expect that the expanding stellar wind can develop a shock front, in which the wind kinetic energy is partially converted and radiated away. Therefore, in a stationary configuration, the shock position is determined by the equilibrium of the external pressure and that of the stellar wind. The resulting shock geometry is a cometarylike tail elongated in the direction opposite to that of the star motion. In our case the situation is more complex since stars move around the AGN nucleus with a velocity V(r) and are embedded in a radial nuclear wind characterized by a number density n w (r) and expanding with velocity v w (r) = v w (r)ê r . The AGN wind velocity v w (r), number density n w (r) and temperature T w (r) profiles are those computed through the resolution of the system of stationary hydrodynamical equations, described in Paper I, including the appropriate mass deposition. The nuclear wind velocity v w undergoes the transition from sub-sonic to super-sonic at a distance r c from the AGN nucleus, where r c /r g ≥ 1/4(c/c s ) 2 , with c s being the local sound speed, c the light speed, and r g ≡ 2GM BH /c 2 the black hole Schwarschild radius.
For the stellar velocity we adopt a Keplerian motion (consistent with recent interpretations of emission line width (Wandel et al. 1999) ):
where M (r) is the total mass (central black hole plus star cluster) within the radius r, assuming its distribution is spherically symmetric. The velocity of the stars is generally supersonic inside the nuclear wind sonic radius, while, of course, v w is supersonic outside. Hence, in our case the bow shock will have a different geometry depending on the regime in which it is computed: cometary-like shocks with the tail in the direction opposite to the star motion (when the ram pressure contribution is induced by the star motion, m H n w V 2 ); or with the tail extending radially outwards from the central black hole (when the ram pressure contribution is due to the AGN wind: m H n w v 2 w ); or a combination of the two. It is beyond the scope of this paper to investigate the detailed physics and geometry of this configuration; instead, what is important in this context is the existence of a region around the star where the stellar wind can be confined by this mechanism. For the sake of simplicity we have chosen to represent this complex wind envelope region schematically as a quasispherical structure, so that its geometrical extension can be characterized simply by a radius defining the radial distance of the envelope boundary from the star.
In order to derive this envelope radius, first we have to parameterize the physical properties of the expanding envelope, namely give a prescription for the density of the gas in the envelope itself and for its expansion velocity. Our simplifying choice is to adopt a radial power law behaviour for the stellar atmosphere expansion velocity:
where R, the distance from the star center, and R * , the radius of the star, are both expressed in the same length units; this relation is taken as independent of the distance, r, of the star from the central black hole. Taking into account continuity equation for the envelope gas, we can derive its density as a function of R as well:
. (3) Once these quantities are defined, the order of magnitude of the distance from the star, R bow , at which the bow shock can be formed, can be determined by using the standard methods, that is from the two equations describing the stellar mass loss rate (i.e., continuity equation again) and the balance between the total pressure (thermal+ram pressure) of the stellar wind and that of the ambient medium, all evaluated at R bow :
Here we assume that P * = n env kT * /µ * and P w = n w kT w /µ w are the thermal pressures of the star and of the AGN winds, respectively, where n i ≡ ρ i /m H (for i = env, w), with ρ i the mass density. We have taken µ * = µ w = 0.6, as expected for a fully ionized plasma with cosmic abundances (see Allen 1985) ; note that in the following we indicate both µ * and µ w as µ. Also, v * is the expansion velocity of the stellar atmosphere as given by Eq. (2) for R = R bow . The ram pressure of the external medium can be identified with the maximum of that due to the star motion and that due to the AGN wind:
Max . The two equations above (Eq. (4) and Eq. (5)) turn out to depend on the distance of the star (whose envelope we are describing) from the central black hole, r, since they contain physical quantities depending on r itself. These are the ones defining the AGN nuclear wind (n w (r), T w (r), v w (r)), and the Keplerian velocity of the star in the local gravitational field, as given by Eq. (1). Also, these quantities can be combined so as to define global envelope properties as functions of r as well. In fact, Eq. (4) can be rewritten as
and, making use of Eq. (6), Eq. (5) becomes
where v * indicates the value of the stellar atmosphere velocity at its boundary R bow , as in Eq. (5). Note that in Eq. (6) we have redefined n env (R bow ), the density of the stellar envelope at its external boundary, as n * (r), explicitly showing its dependence on r, since its value does depend on the distance of the envelope from the black hole, as mentioned above. In the following, unless otherwise specified, we use n * (r) to indicate a reference number density value characterizing the stellar atmosphere. As for the stellar atmosphere gas temperature, here we assume for simplicity that it is constant, i.e. independent both of r and of R; this assumption and its validity within the present framework are briefly discussed in Sect. 5. The two relationships shown above define the density and the extension of the stellar wind envelope as functions both of the stellar wind velocity and temperature, and of the external confining plasma parameters. Since the stellar wind velocity depends on R bow , Eq. (7) is in general an implicit equation. As Alexander & Netzer (AN1, AN2) have shown, several other mechanisms in principle can be competing for the definition of the physical extension of the stellar wind envelope. In the following we briefly outline them, in order to compare the characteristic envelope radius values defined by each mechanism at any given radial distance r from the black hole with R bow , i.e. the distance from the star at which the bow shock, due to the interaction of the stellar wind with the nuclear AGN outflow, would form. The various physical processes that are to be examined produce a stellar wind envelope extension that is characterized by a different dependence on the radial distance r from the central black hole. Therefore, for each value of r, we shall finally identify the effective extension of the envelope itself with the smallest radius obtained, thus selecting the most efficient mechanism for stellar wind confinement.
A first effect we need to take into account is the possibility of tidal disruption of the outer layers of the stellar envelope, due to the black hole gravitational pull. In this case the size of the stellar envelope is given by (see AN1)
showing a simple linear dependence on the distance from the black hole. Another possible definition of an upper limit to the stellar wind extension can be determined by the reasonable assumption of the existence of a finite mass in the stellar wind. Again following AN1, we suppose that the total mass in the stellar wind must not exceed 0.2 M ⊙ ; this leads to the condition
which, for a given stellar wind velocity field v * (R), defines R mass as the maximum stellar wind size allowed for, due to the limit on the stellar wind mass content. Assuming that Eq.(2) defines the velocity profile v * (R) for the stellar wind, we can explicitly solve the integral to obtain
notice that in this specific case the stellar envelope extension would not depend on the radial distance r from the central black hole. Comptonization effects, due to the central ionizing continuum heating the outer layers of the stellar envelope, should also be taken into account in the determination of the external boundary of the envelope itself. This process (see Kazanas 1989 , and AN1) induces complete ionization of the outer layers of the stellar wind, that become part of hot "Comptonized" phase. It is effective on the denser stellar wind down to layers in which the density of the envelope material reaches a critical value, n Comp , above which, that is deeper into the envelope, a "cool phase" is still allowed (Kazanas 1989; Krolik, McKee, & Tarter 1981) , and therefore the stellar wind survives as such. This density value is defined by a critical value, Ξ c , of the "ionization" parameter Ξ ≡ L ion /(4πr 2 cnkT ) for the existence of a "cool" phase, for a given ionizing radiation field, and it is
This critical value of the density defines a boundary radius for the stellar wind, that we can call "Comptonization" radius, R Comp , by setting n env (R) = n Comp in the continuity equation (see Eq.(3)). We thus obtain
In equations (11) and (12) the quantities T * and Ξ cannot be freely chosen, since they depend on each other, their specific relationship, T * (Ξ), deriving from the analysis of possible equilibrium configurations existing in a photoionized gas (Krolik, McKee, & Tarter 1981) . Since T * (Ξ) depends on the assumed continuum radiation illuminating the gas, as well as on other heating mechanisms possibly present and on cooling processes, its resulting detailed shape turns out to be different in literature depending on the specific assumptions of the authors. Krolik (1999) shows a T (Ξ) curve, obtained with the composite continuum spectrum from Elvis et al. (1994) , in which Ξ c ≃ 10 and the corresponding cool phase limit temperature is ∼ 5 × 10 4 K. In other studies (see Krolik 2002) , the "cool" phase (T < 10 5 K) exists for Ξ ≤ 28 for the continuum spectrum considered by Kaspi et al. (2001) , whereas for Krolik & Kriss (2001) it is present only for Ξ ≤ 12. The temperature corresponding to these upper limits for the ionization parameter Ξ is around 5 × 10 4 K for the two cases. It is somehow difficult to make a consistent choice for the values of Ξ c and T * to be used in Eq. (12) without computing directly the specific equilibrium, therefore we choose to rely on the assumptions of one of the papers in literature, namely the one of Kazanas (1989) . In this work, the author computes the critical density for the transition to the Comptonized phase (see Eq. (11)) taking the critical value of the ionization parameter as Ξ c = 10 and a temperature (T * in our notation) equal to 3 × 10 4 K (Kazanas 1989) . Given the results of most recent studies and calculations (some of which have been cited above), these values can be regarded as sort of "lower limits" for the possible range of critical ionization parameter and/or temperature. However, in the present context we maintain this choice as representative of the critical condition, since, owing to the functional dependence of the limiting radius, R Comp , as expressed in Eq. (12), "lower limit" values for Ξ c and the corresponding T * guarantee a "lower limit" value for the Comptonization radius as well. In fact, we are evaluating this radius to compare the efficiency of this confinement mechanism with that of the other relevant ones. If indeed Comptonization turned out to be the effective confinement mechanism for the stellar envelopes contributing to the line emission in the BLR, a more accurate analysis of appropriate parameters to be used in the precise evaluation of R Comp would be required. Nevertheless, if, as it will be proved to be the case in all the conditions of interest for envelopes contributing to the construction of our BLR model, the physical extension of the stellar envelopes is not determined by R Comp , the present evaluation is fully representative. Also, it is important to note that, if this is the case, the Comptonization radius limitation itself is no longer physically relevant to the problem. In fact, outside the otherwise confined stellar envelope, the gas is mixed up with the surrounding nuclear wind and shares its physical properties. Finally, AN1 mention another limit for the external radius of the stellar wind envelope, deriving from the requirement that the stellar wind velocity, when it is increasing outwards, does not reach values larger than 0.1c. This is a rather artificial constraint, defining a radius R v , which, for our choice of the expansion velocity of the stellar atmosphere, is
1/α , and should apply only in extreme cases.
In summary, we define the effective stellar envelope extension at each distance r from the central black hole as the smallest of the various radii determined above:
From our computations, for appropriate BLR models the most efficient confinement mechanism turns out to be the bow-shock formation, thus selecting R bow as the stellar envelope extension in the equation above. In this case, for larger distances from the star center, i.e. for R > R bow , the gas physical properties are just those of the nuclear wind gas (i.e., n = n w and T = T w ), since the shock transition is a sharp one. Using the notation of Eq. (6), the characteristic number density n * can be derived from the continuity equation [Eq.(6) with R ext the place of
In the current framework, the stellar wind gas generates the line emission via central radiation re-processing, hence the quantities R ext and n * determine the observed properties of the emission lines. An AGN wind which generates suitable values of the quantities n * and R ext through Eqs. (14) and (13) can then represent the requested link between the central engine and other structural components of the AGN itself, such as the BLR.
Mass deposition in the AGN wind
In a picture where the AGN wind expands among masslosing stars, the presence of the stars will influence the AGN wind dynamics by adding mass to the wind itself. Two different sources of mass deposition are possible: the mass directly lost by the stars and that stripped by star collisions. This implies that nuclear wind models in such a framework must allow for mass deposition increasing the total mass flux along the radial coordinate. Indeed, this possibility has been taken into account in Paper I, in order to maintain the mass density in the wind at nonnegligible levels in the outer region, by accounting for a possible mass source along the wind. In this case the total mass flux (mass/time, dimensionally) is not a constant, but is rather a function of the radial coordinate r, namelẏ M w = 4πm H n w v w r 2 = 4πA(r) = 4πA 0 f m (r). In this expression, A(r) and the constant A 0 are dimensionally mass per unit time per unit solid angle, whereas f m (r) is a dimensionless function of radial distance from the central black hole (see Paper I, Sect. 3 for details). The constant A 0 is defined as A 0 ≡ n c m H r 2 c c sc , where c sc is the sonic speed at the critical point r c and n c is a characteristic value of the wind number density, which is related to the number density value at the critical point by the following relation: n w (r c ) = n c f m (r c ). With the notation defined above, the mass source term [mass/time/volume/solid angle)] is ∇ · (m H n w v w ) = (dA/dr)/r 2 . In order to evaluate the amount of mass fed into the wind by stellar mass loss and by star collisions, we have computed the contribution from each process as described in the following. The total contribution, up to a distance r from the central black hole, to the mass flux in the nuclear wind from these external sources iṡ
where r 0 is the radius at the base of the wind, and, consequently, 4πA(r 0 ) is the "intrinsic" mass flux in the nuclear wind, at its starting point. Before proceeding, we need to define a schematic description of the spherically symmetric compact dense stellar cluster that we suppose to be located at typical BLR distances from the central black hole of the AGN. In the present work, we assume to represent it in a strongly simplified way, that is considering just three different stellar components for it, main sequence stars (MSs), red giants (RGs), and supergiants (SGs). These three stellar components lose mass to the external interstellar medium, which is here the nuclear wind plasma, both due to their own stellar winds, whose relevance depends of course on the specific stellar component, and because of the possible collision-like encounters that the stars undergo. We also define the relative percentage of RGs and SGs, with respect to the total stellar number density of the cluster, ρ * , as f RG and f SG respectively, so that (ρ * ) RG = f RG ρ * and (ρ * ) SG = f SG ρ * , whereas, for reasonably small values of the fractions f RG and f SG , we can take (ρ * ) MS ≃ ρ * , i.e., f MS ≃ 1. In the computation of our models, we have usually assumed a "standard" value for the relative fractions of RG and SG stars, that is f RG = 0.01 and f SG = 10 −4 (see AN1), but we keep those fractions generically as parameters of the problem in what follows.
As for the stellar mass loss from the stars of a central cluster characterized by a stellar number density ρ * (r) and a composition as defined above, the total contribution to the AGN nuclear wind mass loading rate, up to a radial distance r can be expressed aṡ
where (Ṁ * ) i represents the mass loss rate in the wind of the "i"th stellar component of the cluster. For reasons that will be extensively discussed in the next sections and are related to the very specific and extreme environment in which the central stellar cluster is located (see, for example, Taylor 1999), here we allow for a possible nonnegligible contribution from main sequence (MS) stellar winds.
As already mentioned, the other contribution to mass deposition into the AGN nuclear wind comes from stellar collisions. Following AN1 and Murphy et al. (1991) , we only take into account collisions between stars of the same type, thus neglecting the contribution due to MS-RG and MS-SG star collisions, which are characterized by a much smaller fractional mass loss with respect to collisions between same type stars. In the hypothesis that for each collision a fraction f c (that we take to be 0.1 following AN1 and Begelman & Sikora 1992) of one solar mass of matter is stripped from the colliding stars and fed into the wind, the total mass deposition rate due to collisions occurred up to radial distance r,Ṁ * coll (r), iṡ (17) where (τ coll ) i is the star collision rate (here expressed as number of collisions per year) for the stellar component "i" defined as: (18) with (R * ) i the stellar radius of stars of type "i", and f i the fraction of stars of type "i", that is assumed to be equal to unity for the case "i"= MS, that is for the main sequence star component. For the definition given above ofṀ inp (r), the following relationship must holḋ
Indeed, we are interested in the equation that can be obtained from the previous one by deriving it with respect to r and dividing by 4π, and that represents the equation for the sum of the mass sources from stellar matter expulsion processes at distance r, giving the total mass source function per unit solid angle (dA(r)/dr)/r 2 = (A 0 /r 2 )df m /dr for the nuclear wind (see Paper I). This equation turns out to be the following:
where the function F (r) is defined as follows (20) and (21), given ρ * (r), it is evident that for a given choice of the physical parameters of each stellar component, A(r) can be derived by solving the equation itself. As it will be discussed in a following Section, the prescription of ρ * (r) is constrained by several factors, but ρ * (r) must be chosen so as to obtain a mass source function with a sufficiently smooth behaviour. This is relevant for the successful integration of the nuclear wind equations. Of course, the resulting mass source function depends on the mass loss rates that we adopt for our model cluster stars, as well as on the chosen values of (R * ) i , and of the population fractions f i , for the three stellar components of the cluster; this is also extensively discussed in the following Sections.
A numerical comparison of the two terms on the right hand side of Eq. (21) can show whether one of the two processes of mass deposition in the nuclear wind predominates and, in that case, which one it is, as a function of r. For a given ρ * (r), the result of this analysis strongly depends on the choice of the mass loss rates of the various types of stars in the model cluster.
Model parameters

Free parameters in the model
As it is apparent from the discussions in Sects. 2 and 3, in order to derive the effective stellar envelope extension and its density through Eq.s (14) and (13), the wind model of Paper I must be extended to take into account the mass deposition function (as derived from Eqs. (20) and (21)) and to include the computation of R ext (r) and n * (r). This process implies the introduction of a number of parameters that can be divided in three classes, each associated with a different aspect of the problem. These parameters are summarized in the following for the sake of clarity. As described below, some of these parameters have almost no influence on the final results, some have been fixed to standard values and some other represent the control keys to variations in the outcome of our model. a) Parameters related to the AGN nucleus and its wind: central radiation field luminosity, L, characteristic number density, n c , and temperature, T c , of the wind plasma at the critical point (that is at the distance at which the wind outflow changes its character from subsonic to supersonic). For a given luminosity the choice of T c does not affect the results since a different temperature value essentially shifts the critical point position leaving all physical quantities profiles almost unaffected. We have shown in Paper I that the characteristic wind number density, n c (related to the number density at the critical point, as defined in Sect. 3) is a critical parameter, and the system is very sensitive to its variations. Indeed, a solution for the nuclear wind equations is possible and characterized by a total electron scattering optical depth of the wind plasma < ∼ 1 (see Paper I) only over a rather narrow range of values for n c . Variations of n c within this range could in principle affect the BLR model and consequently might change the emission line properties; we discuss this issue in Sect. 5.
b) Parameters characterizing the nature of the stellar cluster orbiting around the nucleus: star number density distribution ρ * (r), mass-loss rate and radius (Ṁ * , R * ) for each type of star (SG, RG, MS), and percentage of each type of stars present in the cluster (f i for stellar type "i"). These parameters enter the computation of stellar envelope properties, but also contribute to determine the mass deposition function f m (r) and hence influence the nuclear wind integration (see Sect. 3). Some parameters have been fixed to their "standard" values. This is the case for the star percentages and radii which are set as
For others, namely ρ * (r) and (Ṁ * ) i , different possibilities have been analysed. In particular for stellar mass loss rates the assumed values and their influence on the final results are described in the following sections.
As far as the star number density distribution is concerned, there is no observational information about its detailed profile in regions so close to the central nucleus, the only possible indications come from theoretical work. Therefore, we have chosen ρ * (r) profiles in accordance with two main suggestions derived from the results of David et al. (1987a David et al. ( , 1987b analyses of a star cluster evolution around a black hole. The first suggestion regards the peak value for the star number density in an evolved cluster, that turns out to be around 10 11 stars/pc 3 . The second one is that an evolved star distribution is concentrated in a range of distances from 10 14 cm up to 10 18 cm 1 2 3 4 5 6
Fig. 1. Star number density as a function of the distance r from the AGN nucleus. We also show the abscissa axis for the corresponding dimensionless distance x = r/r g for the case of a central black hole of mass 5.6 × 10 7 M ⊙ , that we have chosen to associate to a central luminosity L = 10 44 erg/s (see Paper I). Label meaning is explained in the text. from the central black hole and steeply decreases both for shorter and for longer distances. We have analysed several different ρ * (r) profiles obeying these criteria, and present here the results for the stellar distribution profiles that seem to best represent our working scenario. The selected curves are shown in Fig.1 . In this figure the curve labeled "1" is representative of the class of star density distribution which gives the best results for our model. All the results presented in the following sections refer to this particular choice of ρ * (r). The other two curves have been illustrated since an analysis of the consequent results allows us to highlight separately the effects of increasing ρ * (r) in the external region (curve "2") and those of decreasing ρ * (r) in the intermediate region (curve "3").
Possible differences in the stellar distribution profiles in the region r < 2 × 10 15 cm have proved to be unimportant in the present context, owing to the fact that our integration of the nuclear wind equations stops at around that distance. We elected to retain the same profiles ρ * (r) as shown in Fig. 1 , when analyzing configurations with different central black hole masses (that we associate with a different central luminosity, see Paper I), thus implying different values for r g , and, consequently different resulting profiles as functions of the dimensionless distance x ≡ r/r g . c) Parameters defining the physical properties of the stellar envelopes: stellar wind velocity profile (see Eq. (2)) and temperature value (v 0i , α i , (T * ) i ), for each type of star ("i"= SG, RG, MS). This group of parameters only influences the properties of the line-emitting regions.
In summary, once we have chosen the luminosity of the AGN for which we want to build up a model, the free parameters we can work with turn out to be the following quantities: n c , ρ * (r), (Ṁ * ) i , v 0i , α i and (T * ) i . The "observational requirements" on the BLR described in the following subsection dictate further limitations to the number of parameters that significantly influence the model.
BLR parameters and observational requirements
Not every combination of the above listed free parameters can reproduce the observed BLR general properties. Observative and interpretative work has shown that definite ranges of parameters and/or quite specific features are common to the BLRs of most AGNs. In this section these observational requirements are "translated" in terms of our model variables.
From the observational and interpretative points of view, our spherical stellar atmospheres can contribute to the BLR emission only if R ext (r) and n * (r) satisfy the following conditions: a) R ext (r) ≥ ∆R = 10 23 U/n * cm, since photoionization equilibrium requires that emission lines are generated in shells of thickness ∆R, which is at least ∆R = 10 23 U/n * cm (see eg. Peterson 1997) . The definition of an emitting shell then allows an estimate of the mean density of the emitting plasma in the shell itself. Since the density inside the stellar expanding envelope varies as shown in Eq.(3), the mean density can be evaluated aŝ
where both the integration limits and possibly the mass loss rate depend on r. In terms of the quantity just defined, the other conditions a BLR emitting plasma must satisfy read: b)n * (r) ≥ 10 8 cm −3 , since broad forbidden lines are not observed (Netzer 1990 , Peterson 1997 ; c) if the line width is due to thermal effects only, it must ben * (r) < 1 × 10 12 cm −3 to avoid line thermalization, i.e., for line emission to be effectively significant (see Rees, Netzer & Ferland 1989 , Kaspi & Netzer 1999 , Korista & Goad 2000 .
In our model R ext (r) andn * (r) will attain different values at different distances from the central black hole, hence conditions a), b) and c) will be satisfied only in a specific range of distances. We call r 1 and r 2 the distances which delimit this interval. Stellar envelopes satisfying points a) to c) contribute to build up the total covering factor. Here we define
as the covering factor accumulated at distance r from the central black hole due to contributions from star type 'i"
("i"= SG, RG, MS), obtained using R ext (r) computed for that specific star type. To obtain the total contribution to the covering factor due to a given stellar type, in Eq. (23) we have to integrate up to r = r 2 , i.e. up to the external boundary of the interval defining the broad line contributing region for each stellar type, that is we have to compute C i (r 2 ) for "i"= MS,RG,SG. Finally, we define the total covering factor C tot for a given BLR model as the sum of the total contributions, that is
Our model can now be compared with observations, testing the following points:
1) reasonable values should be recovered for the covering factor C tot , whose estimates range from about 0.05 up to 0.25 (Baldwin 1997) ;
2) the typical distance characterizing the BLR, namely r BLR (see Sect. 1) must be contained in the intervals [r 1 , r 2 ] i relative to the stellar types contributing to the definition of the value of C tot ;
3) the covering factor relative to "broad" forbidden emission lines, C forb , must be vanishing. In our model, we define
where
(see Peterson 1997 , Krolik 1999 , therefore, a contribution to C forb comes only from those envelopes whose photoionized shell interior to the confining bow shock has a density appropriate for forbidden line emission. 4) the ionization parameter should be in in the range 0.01-1. Assuming < hν >= 2.7 Ryd as in AN1, and with L in erg/sec,n * in cm −3 and r in cm, the expression for U shown in the Sect. 1 becomes
The above general requirements allow us to evaluate the validity of our model and to restrict the range in which free parameters described in the above subsection can vary.
Model results
In Paper I, we have defined a model for an AGN nuclear wind, that turned out to be essentially determined by the choice of the central radiation field luminosity, L, of n c , the characteristic number density of the wind plasma (see Sect. 4.1), and of the mass deposition function f m (r) (see Sect. 3 and Paper I). As it is discussed in Sect. 3, the mass source function (and therefore ultimately f m (r)) for the nuclear wind depends on the choice of both the star number density distribution of the central cluster, ρ * (r), and the star cluster composition and properties (such as mass loss rates, radii and percentages of the three different star types that we assume as components of the stellar population of the cluster; see Sect. 4.1 for details). As a consequence, the choice of all the cluster parameters mentioned above strongly influences the general properties of the solution for the nuclear wind as well. These, in turn, enter the determination of the physical quantities characterizing the stellar envelopes that we consider to be the line emitting sources.
The above described complex interplay between star and interstellar medium properties makes it difficult to predict our model results. While it is obvious that the validity of our model could be proved only by the detailed comparison of predicted and observed line profiles, it seems of primary importance to understand which are the relevant parameters in our picture. Hence, due to the large number of parameters and the complexity of the model, a general analysis aimed at performing a first selection among all the present parameters is preferable, in order to get a deeper insight into the flexibility of the model itself. Therefore, as a first step in the comparison between observed BLR features and our model results, we have analysed in detail the influence that each free parameter has in the fulfillment of the observational requirements presented in Sect. 4.2. The results of this analysis are presented hereafter. We refer to Sect. 4.1 for the specific definition of the values chosen and fixed as "standard" for stellar radii and percentages in the cluster.
Effects of changing the star density distribution ρ * . As we have mentioned in Sect. 4.1, point b), our system is very sensitive to the choice of ρ * . Indeed, the results obtained by using the three stellar distributions shown in Fig. 1 turn out to be significantly different. The "small" differences among ρ * profiles are sufficient to exclude the star distribution labeled with "2". In fact, any stellar distribution ρ * (r) that is more extended in the "external" region (i.e., for r > ∼ 10 18 cm) than the one characterized by profile "1") can reproduce a covering factor in accordance with point 1) of Sect. 4.2, but also shows a resulting nonnegligible forbidden line covering factor, so that it cannot satisfy point 3) of Sect. 4.2. On the other hand, for profiles similar to the one labeled with "3", i.e. characterized by a smaller amount of stars, the forbidden covering factor is negligible, but C tot turns out to be too low with respect to the range of values inferred from observations if suitably high values of stellar mass loss rates are not used. This is apparent from Eq.(23), taking into account that R 2 ext is generally proportional to the ratioṀ /v 0 (see Eq. (7)). Accounting for the considerations above, in the following we have chosen to discuss the results pertaining to the the star number density profile labeled with "1" in Fig. 1 , as representative of a possible cluster star distribution for broad line emitting AGNs. Effects of changing the nuclear wind density parameter n c . As shown in Paper I (Eq.s (14) and (15)), the AGN wind integration system depends on the quantity f ′ m /f m , which can be easily derived as
where it is f r 2 F (r)dr defines the amount of of mass flux characterizing the nuclear wind at its base with respect to that fed by stars.
Hence, changing n c , which enters the definition of A 0 , changes the function f ′ m /f m mainly in the "internal" region (r ∼ r 0 ) where the term A 0 f m (r 0 ) is non-negligible with respect the integral term. Increasing n c , the intrinsic mass flux of the nuclear wind becomes more important with respect to the mass flux fed by stars and the electron scattering optical depth may become too large (as discussed in Paper I). For r >> r 0 , in the region where the BLR is located, the integral r r0 r 2 F (r)dr is the predominant term in the mass flux definition and a change in the critical density value does not have a significant effect on the final result. A numerical analysis confirms the present analytical discussion, therefore we conclude that, once n c is chosen in the restricted range allowed by the nuclear wind integration (as explained in Sect. 4.1 a), its changes do not affect the BLR properties as derived from our model.
Effects of changing the velocity profile of the stellar wind, i.e. the value of α, in Eq.(2).
Several integrations of our model, carried on with different α values, have shown that the specific velocity profile does not have a strong influence on the results. However, positive α values are generally preferable, since the corresponding models are characterized by lower values of the forbidden line covering factor with respect to those with negative α values. Perhaps, the most straightforward way to understand this is to go along the following line of reasoning. When the stellar envelope extension is delimited by the bow shock (which is the case under most of the conditions of physical interest), the density of the envelope at its boundary, n * , is determined by the local density of the AGN nuclear wind plasma, since n * ∝ n w , as it can be realized by inserting Eq. (7) in Eq.(6). This implies that, going farther from the AGN central black hole, n * decreases, like n w (r) does. Accounting for this condition in Eq.(6), it is easy to see that, for a givenṀ , R ext increases with r, and it increases faster for negative values of α. As a consequence of this last point, for negative α values non-negligible contributions to the covering factor are expected to come from regions that are far enough (in the computations that we present in the following subsections, this is generally for r > ∼ 2 − 3 × 10 4 r g ) from the center of the AGN, so that the stellar envelope density is sufficiently low to be suitable for forbidden line emission.
Effects of changing the star envelope temperature. Values of the temperature in the range 1 − 3 × 10 4 K, appropriate for BLR emission, have been tested, obtaining no significant change in the results. This fact supports our simplifying assumption of a constant temperature profile for the overall stellar expanding envelope.
Taking into account all the above points, we conclude that in our BLR model only a specific class of star number density profiles meets the observational requirements, while changes in the values of the parameters n c , α and T * do not have a relevant influence on the quality of the reproduction of BLR properties. For this reason, in the following we illustrate the general results of our exploration of physically reasonable ranges of the parameters whose changes turned out from our analysis to significantly affect the results as for BLR global properties, namely stellar mass loss rates and expansion velocity of the stellar atmospheres (see end of Sect. 4.1). To do this, we have chosen to discuss separately three different choices for the definition of the mass loss rates in the envelopes of the different stellar types composing the cluster, and to examine the effects of changing the expansion velocity of the envelopes on a significant quantity such as the resulting covering factor of the proposed BLR model. Before entering the details of the discussion, we just want to remind that all the results that we show and comment in the following, unless otherwise specified, refer to a specific choice for (i) the central source luminosity, L = 10 44 erg/sec, (ii) the black hole mass, M BH = 5.6 × 10 7 M ⊙ (thus defining r g ), (iii) the envelope temperature, T * = 2 × 10 4 K (see Sect. 4.2), (iv) the expansion velocity power law exponent, α = 0.75 (see Sect. 4.2), (v) the star number density, ρ * (r), labeled "1" in Fig. 1 , where choices (iii), (iv) and (v) are justified by the above discussion.
As for the stellar mass loss rates, we have chosen to discuss a) the simple case of "standard" mass loss rates for stellar winds of stars of a given type, as known from galactic studies (see below for the details and values, Sect. 5.1); b) a case in which we try to account for the possibility of "enhanced" mass loss of MS, RG, and SG stars, due to the very specific context in which they are set, namely a strong X-ray illumination from the central source in the AGN (see Sect. 5.2); this would lead to an expected enhancement of mass loss rates increasing with decreasing r, with a behaviour following the radiation flux increase going inwards, that is ∝ r −2 ; c) a third case in which we suppose the mass loss rates do again depend on the distance from the central black hole r, but with a flatter increase going inwards (Sect. 5.3). The physical mechanism responsible for this configuration is not specified in this case, but we refer to Sect. 6 for a brief discussion of possible processes.
Standard mass loss rates
The first reasonable step is that of assuming "standard" mass loss rates for the stars in the cluster (see, for example, Lamers & Cassinelli 1999) , that is
With this choice for the mass loss rates of the stars in the central cluster, from Eq. (20) it turns out that, in the inner region of the cluster (i.e., for r < ∼ 10 4 r g ), the mass flux input in the nuclear wind is strongly dominated by collisional effects (i.e., mass loss from collisions between stars). On the contrary, farther from the AGN center there is a vast region in which predominance of the stellar wind mass loss sets on. We then derive the corresponding AGN nuclear wind model, and, consistently, the main physical parameters of the BLR emitting envelopes.
For each stellar type these are: i) the evaluation of the characteristic extension for the expanding envelope, R ext (see Eq. (13)), and the physical mechanism defining it; ii) the average density of the envelope over the emitting region of the envelope itself,n * , (see Eq. (22)); iii) the resulting ionization parameter U (Eq. (25)); iv) the covering factor, as a function of the distance r from the black hole in the interval [r 1 , r 2 ] defining the BLR (see Eq. (23)). A typical behaviour (which, we want to stress, is generally common to the three cases for stellar mass loss rates that we present in this work) corresponds to an increasing envelope extension, and to a decreasing density with r increasing. Of course, the covering factor C i (r) is an increasing function of r over the model BLR range of distances, since the contributions from the stars in each shell at a given distance from the black hole accumulate in the integral defined by Eq. (23).
First, we want to focus our attention on the results we obtain from the model in terms of global parameters of the BLR, such as the integrated covering factor, defined as C i (r 2 ) for each stellar type "i". We briefly describe the r dependence of the first three physical quantities mentioned above later on in the present Section and in Sect. 6.
The general outcome for this case is exemplified in Fig. 2 , showing the resulting covering factor contributions (computed from Eq. (23) with r = r 2 ) for the modeled BLR, as functions of the terminal velocity v term ≡ v * (R ext ), characterizing the stellar envelopes that are assumed to contribute to the broad line emission. We also plot the sum of the contributions due to the different stellar types composing our model central cluster as C tot , again as a function of v term . We obtain the variation of v term for each stellar type, by varying (v 0 ) i , which, in turn, also induces variations in the extension of the envelope, at least when the confinement mechanism for the envelope itself is the bow shock (see Sect. 2, Eqs. (7) and (12)); changing this parameter is therefore significant to the determination of the covering factor. To give an idea of the range of (v 0 ) i , we report here the values corresponding to the terminal velocities v term = 0.1 and 2.1 km/s, which are close to the extremes of the terminal velocity range plotted in Fig. 2 and representative of "low" and "high" terminal velocities respectively. In the present case, for the star types that do give contribution to the covering factor, the values of v 0 are (v 0 ) RG (v term = 0.1 km/s) = 1.6 × 10 −3 km/s, (v 0 ) SG (v term = 0.1 km/s) = 3.7 × 10 −3 km/s, and (v 0 ) RG (v term = 2.1 km/s) = 1.8 × 10 −2 km/s, (v 0 ) SG (v term = 2.1 km/s) = 4.2 × 10 −2 km/s. It is important to note that the plotted value of C tot is the one that we obtain when we suppose that the three different star type envelopes are endowed with the same value of the terminal velocity, which is not necessarily the case. In fact, one can obtain different values for the total covering factor for the BLR model, with respect to those that we present in the plot, by assuming different v term values for each single species of stars, that is picking contributions from the various star types at different v term along the curves defining the specific covering factor for a given stellar type. However, we want to stress that, due to the fact that the profiles C i (v term ) for the three stellar types show a similar behaviour, which is generally decreasing for increasing v term (apart from the very low velocity end of the range shown in the figures), it turns out that for any chosen value of v term the total covering factor we plot in Fig. 2 is the maximum value that can be attained if we suppose that the different contributing stellar type envelopes are characterized by terminal velocity values that are possibly different, but in any case larger than the one chosen. On the contrary, larger C tot values can be obtained by allowing for different terminal velocities of different stellar type envelopes, provided the v term value of at least one of the contributing types is lower than the one chosen for the exemplification. These are general considerations and they refer both to the present and to the other two cases we discuss in the following subsections.
An inspection of the solutions for the BLR physical parameters shows that the bow shock mechanism is in general the most efficient in confining the stellar envelopes and, consequently, determines their extension for all the three different stellar types. As a consequence, for this specific choice of the stellar mass loss rates, the envelope radii for RG stars and SG stars turn out to scale so as to give essentially the same contribution to the total covering factor for the BLR. As it is apparent from Fig. 2 , this is no longer true for low velocities ( < ∼ 0.12 km/s), when the contribution to the covering factor due to SG stars "decouples" from that of RGs. The physical reason for this is in the fact that at these low velocities the most efficient confining mechanism for SGs all through the BLR extension becomes tidal disruption of the envelope beyond a given radius (see Eq. (8)), whereas for RGs the bow shock mechanism is still dominant.
To illustrate the behaviour of the BLR physical quantities and the characteristic extension of our BLR model (i.e., the [r 1 , r 2 ] interval over which conditions a) to c) of Sect. 4.2 for the emitting gas structures are fulfilled), we Fig. 2 . The total value of the covering factor, C tot , defined as the sum of the contributions due to the envelopes of different stellar types, as well as the distinct contributions to this value from the various stellar types, are shown as functions of the terminal velocity of expansion v term (in km/s), characterizing the contributing envelopes. The present figure refers to the case for "standard" mass loss rates. Notice that the contribution due to main sequence stars in this "standard" case does not even appear in the plot, since it is absolutely negligible with respect to those due to RG and SG stars.
have chosen to plot in the two panels of Fig. 3 (each one referring to one of the two stellar types that give substantial contribution to the broad line formation, namely RGs and SGs in this case) the three quantities R ext ,n * and U . These are functions of the distance from the central black hole r, and we plot two curves for each quantity, corresponding to the two representative values of the expansion velocity parameter v term previously defined, namely v term = 0.1 km/s and v term = 2.1 km/s, close to the extremes of the velocity range plotted in Fig. 2 . For the sake of clarity, we note that the v term values chosen refer to those attained for envelopes at r = r 2 , that is at the external border of the broad line emitting region. For each BLR physical parameter the curves obtained for intermediate terminal velocity values typically lie in the region between the 0.1 and 2.1 curves. Therefore, each of the two panels of Fig. 3 essentially shows the ranges of values for the BLR parameters for the models corresponding to the present choice of mass loss rates for the stars of the central cluster. It is interesting to notice that for RGs the extension of the BLR contributing region is independent of the terminal velocity value, whereas this is not the case for SGs. This is again due to the fact that for RGs the envelope radius is defined by the bow-shock mechanism, Fig. 3 . Physical parameters characterizing stellar envelopes contributing to the BLR as functions of the normalized distance r/r g from the central black hole; these are the mean density of the envelope,n * (r), the estimate of the envelope extension, R ext (r), and the ionization parameter, U (r). The interval over which the physical quantities are plotted represents the "BLR" interval [r 1 , r 2 ] as defined in Sect. 4.2; the labels 0.1 and 2.1 identify the specific value (in km/s) of the terminal velocity parameter for which they are computed. The upper panel refers to RGs' envelopes, while the lower one shows the results pertaining to the envelopes of SG stars, in the case of "standard" mass loss rates. whereas at low v term it becomes (R ext ) SG = (R tidal ) SG . Indeed, it is easy to see that, when the bow-shock is the confining physical mechanism for the stellar envelope, and the expansion velocity is subsonic, n * (r) (see Eqs. (6) and (7)) is essentially independent of the stellar wind velocity itself. Moreover, when the envelope gas temperature is chosen to be the same for the three stellar types, n * (r) is independent of the stellar type as well. The same considerations do hold for the average density in the emitting portion of the envelope,n * (see Eq. (22)), which is the quantity that we plot in Fig. 3 , since in general it turns out thatn * = n * . In fact, our computations have shown that the emitting shell of an envelope is characterized by a size ∆R << R ext , so that, performing an analytical integration of Eq. (22) and using a first order approximation in ∆R/R ext (<< 1), one ends up withn * = n * . As a result, the limiting conditions onn * for line emission (points b) and c) of Sect. 4.2) are met at the same distance from the black hole, r, independently of the chosen value for the velocity parameter, since (see Eqs. (5) and (6)) they only depend on the nuclear wind physical properties, namely n w (r), the nuclear wind density, T w (r), its . Temperature (dashed line) and number density (continuous line) profiles for the AGN nuclear wind solution obtained for the case of mass deposition defined by the choice of "standard" mass loss rates for the cluster stars. For comparison, we also plot as the dotted curve the "most extreme" density profile that we have obtained, namely the one resulting from the solution for the nuclear wind with the mass deposition defined by the choice of mass loss rates described as case c) in Sect. 5 and discussed in detail in forthcoming Sect. 5.3. temperature profile, and on the velocity defining the ram pressure at the envelope boundary (see Sect. 2). We want to stress here that these same considerations do hold independently of the choice of mass loss rates, therefore they similarly apply to the cases discussed in the next subsections as well. For completeness, in Fig. 4 we show the behaviour of the AGN wind physical quantities n w (r) and T w (r), as obtained from the nuclear wind system resolution for this specific choice of the mass deposition. For this density profile the resulting total optical depth to electron scattering for the nuclear wind plasma is τ T ≃ 0.12. Note that, for comparison, we have also plotted in Fig. 4 the n w density profile (dotted curve) resulting from the computation of the solution for the nuclear wind with a different mass deposition, that is the one that will be extensively discussed in Sect. 5.3, and corresponds to our "most extreme" (i.e., strongestṀ inp ) choice for mass deposition in the present work; the temperature profile corresponding to this latter case is not shown, since the differences with the dashed curve of Fig. 4 Fig. 2 , it is apparent that, within the "standard" mass loss rate case defined above, significant covering factors can be recovered only when the terminal velocities of expansion for the stellar envelopes are quite low, as compared with the typical sonic speed for the envelope gas (for T * ≃ 2. × 10 4 K, we get c s ≃ 21 km/s). To obtain C tot ≃ 0.1, v term should be around 0.027 km/s. Indeed, this is a very low value for the expansion velocity of a "normal" stellar expanding atmosphere. However, we would like to mention that similarly low values have been presented in AN2 (1997) in their own attempt to model the BLR structure as an ensemble of expanding stellar envelopes. In fact, transposing their notation to ours, these authors (AN2) assume α = −0.5, a decreasing function of distance from the star surface for the stellar wind velocity, and they choose to analyze models with v 0 ≃ 0.1 km/s, where the value of v 0 is, in their case, the peak value of the stellar wind velocity.
We want to note that the present case of "standard" mass loss rates seems to be not very much relevant to the construction of a physical BLR model for another reason, namely the fact that the calculation of the resulting covering factor for forbidden lines, which are actually not seen in the BLR, gives uncomfortable results. In fact, the global value of C forb (as defined in Eq. (24)) turns out to reach a significant fraction of the obtained C tot . For example, when C tot ≃ 0.1, we get for the present case C forb ≃ 0.037, which is not negligible. This is related to the characteristics of the nuclear wind solution for the present case, in which not much mass is input in the nuclear wind as a consequence of stellar mass loss, and, therefore, the nuclear wind plasma density n w is rather low in the "external" (i.e., at r > ∼ 10 r BLR ) region; this allows for the formation of larger expanding envelopes, characterized by density values that are sufficiently low to contribute to the increase of the covering factor for forbidden lines (see the trends shown in Fig. 3 for the envelope physical parameters).
As a final remark, we note that the total number of stars contributing to the BLR, that is essentially the number of RGs in the interval of distances [r 1 , r 2 ] for this case, turns out to be 2 × 10 5 . The total number of stars present within the bounds of the BLR for this case is therefore ∼ 2 × 10 7 .
Enhanced mass loss rates
It is by now well known that in a close binary system, intense X-ray illumination from the primary star can have noticeable effects on the secondary star. The best studied example is that of HZ Her (in the system HZ Her/Her X-1), whose illuminated face originates an "X-ray-excited" wind (see e.g. Hameury et al. 1993 ). The effect is related to the intensity of the X-ray flux at the stellar surface, and from this intensity it is possible to estimate, through an efficiency factor, η, the fraction of luminosity that gets transformed in kinetic power of the wind. By physical analogy, we suppose that the stars of the AGN central cluster may suffer from a similar effect, since they are strongly illuminated by the hard radiation of the central radiation field of the AGN itself (see, for example, Taylor 1999). We can therefore try an analogous (see Hameury et al. 1993 ) estimate of the transfer of kinetic power into the stellar wind of stars belonging to our central cluster in a radio-quiet AGN, from the X-ray luminosity, L X , of the radiation field of the AGN central source, as follows:
The value of η computed for Her X-1 is 3 × 10 −3 and it must be in any case η < 0.1 (Hameury et al. 1993) . Taking into account that L X < L , we assume ηL X ≃ 10 −3 L. We notice here that, in order to produce BLR models that meet the general observational requirements discussed in Sect. 4.2, the resulting velocities for the expanding stellar envelopes are significantly lower than the sonic speed (by an order of magnitude or even more). Therefore, it seems appropriate to derive an estimate of the "enhanced" mass loss rate for any given type of stars in the cluster with a v * value close to the ones that correspond to models that better fulfill the observational conditions on the BLR. In fact, we choose to use v * ≃ 3 km/s to infer an order of magnitude value for the induced mass loss rate of a star in the central cluster of the AGN from relation (27). For L = 10 44 erg/sec, we thus find an estimate for the enhanced mass loss rates
We have computed models using for the three types of stars considered the mass-loss rates given by Eqs. (28) to (30) for r such that those relations give values larger than the "standard" ones defined in Sect. 5.1, and maintaining, on the contrary, those same "standard" values when the equations above would determine smaller values. At r ∼ r BLR the above estimates would give (Ṁ * ) MS ≃ 2.4 × 10 −8 M ⊙ /yr, (Ṁ * ) RG ≃ 2.4 × 10 −6 M ⊙ /yr, and (Ṁ * ) SG ≃ 2.4 × 10 −4 M ⊙ /yr. These evaluations point out an interesting consequence of this enhancement mechanism for stellar mass loss rates. In fact, at distances comparable to the characteristic BLR radius, this process does change substantially the "intrinsic" red giant and supergiant mass loss rates, by a factor > ∼ 10 2 , but, in the specific environment considered here, it has much more influence on the effective mass loss rate of main sequence stars, that turns out to be increased by more than a factor 10 6 at these distances, relevant to the BLR. Therefore, the first important difference with respect to the "standard" mass loss rate case presented in Sect. 5.1 is that the contribution of MS stars to the total covering factor is no Fig. 5 . The total value of the covering factor, C tot , defined as the sum of the contributions due to the envelopes of different stellar types, as well as the distinct contributions to this value from the various stellar types, are shown as functions of the terminal velocity of expansion v term (in km/s), characterizing the contributing envelopes. The present figure refers to the case for "enhanced" mass loss rates, and, differently from the case shown in Fig. 2 , the contribution due to main sequence stars is quite significant, and actually predominant with respect to RG and SG contributions.
longer negligible for any value of the expansion velocity of the emitting envelopes. This is immediately apparent at a glance from Fig. 5 , which is the analogous to Fig. 2 discussed in the previous Sect. 5.1 for the case of "standard" mass loss rates. The plot in Fig. 5 shows that the strong increase in mass loss rate for MS stars produces as a consequence a significant contribution to the covering factor. In fact, the extension of the emitting stellar envelopes of MS stars is determined by the bow shock mechanism for basically any expansion velocity and the envelope radius is determined by Eq. (7); therefore, main sequence star envelopes turn out to be much larger than in the case of Sect. 5.1, due to the strong increase in (Ṁ * ) MS . Again, the number density n w (r) and temperature T w (r) of the nuclear wind are computed as the consistent solution of the nuclear wind system of equations with the present mass deposition choice. In this case, the total optical depth to electron scattering for the nuclear wind plasma turns out to be τ T ≃ 0.15.
It is interesting to note that, due to the r −2 decrease in (Ṁ * ) i moving outwards from the central radiation source, the MS star envelope extension, R ext , shows an extremely slow increase (if not a similarly extremely slow decrease locally) with increasing r. This can be seen directly from Fig. 6 . Physical parameters characterizing stellar envelopes contributing to the BLR as functions of the normalized distance r/r g from the central black hole; these are the mean density of the envelope,n * (r), the estimate of the envelope extension, R ext (r), and the ionization parameter, U (r). The interval over which the physical quantities are plotted represents the "BLR" interval [r 1 , r 2 ] as defined in Sect. 4.2; the labels 0.1 and 2.1 identify the specific value (in km/s) of the terminal velocity parameter for which they are computed. The upper panel refers to main sequence star envelopes, while the lower one shows the results pertaining to the envelopes of RG stars, in the case of "enhanced" mass loss rates. Fig. 6 , similar to Fig. 3 for the "standard" mass loss case discussed in Sect. 5.1 (and we refer to that Section for a detailed explanation of the notation and of the choice of the curves plotted); only, in the present case, we show the results referring to MS stars and RG stars in the upper and lower panel respectively, since these two types of stars are the ones that mostly contribute to the present BLR model. As for RG envelopes, their extension is mostly bow shock determined, apart from the very inner shells of the BLR, in which the envelope radius is "tidally" defined; this "tidally dominated" portion of the RGs contribution to the BLR slowly extends to larger r distances with decreasing the expansion velocity parameter. We note that this does not influence the behaviour of the curve C RG (v term ), since the portion of BLR over which the envelope radius turns out to be "tidal" is in any case not much extended in r and, especially, it is restricted to the inner region of the BLR contributing interval, whereas most of the contribution to the integrated covering factor C RG (r 2 ) accumulates at larger values of the distance r, in the "bow shock dominated" portion of the interval [r 1 , r 2 ] RG . Analogously to the MS envelopes' case, in the "bow shock dominated" region the envelope radius of RG expanding atmospheres is more or less constant with r, and this can be seen from the lower panel of Fig. 6 . The resulting interval of distances defining the extension of the MS stars contribution to the BLR is [r 1 , r 2 ] MS ≃ [239r g , 2.2 × 10 4 r g ] = [4.× 10 15 cm,3.7 × 10 17 cm]. RG stars contribute in a region [r 1 , r 2 ] RG whose extension shows a dependence on the velocity parameter v term , as it can be seen from Fig. 6 , but it does anyway contain the estimated value of r BLR , independently of v term itself. As for the mean envelope densityn * , for the conditions in which the envelope radius is R ext = R bow , we refer to the considerations presented in Sect. 5.1, that still hold.
From Fig. 5 it is apparent that, at any value of the expansion velocity, the contribution to the total covering factor due to MS stars is dominant, but comparable in order of magnitude with the RG contribution. On the contrary, the contribution of SG envelopes turns out to be much less significant in this case. An analysis of the SG envelope extension as a function of r shows that when the velocity parameter v term becomes very small (< 0.2 km/s), the dominant confinement mechanism for the envelopes becomes generally different from the bow-shock one, similarly to what was discussed for the "standard" mass loss case in Sect. 5.1, thus leading to the change in slope of the curve C SG = C SG (v term ) observed in −2 km/s. Notice that here we have given the values for main sequence stars as well, since they do contribute to the covering factor in this specific case. Also, the values we report are exactly the same independently of the stellar type and this is due to the specific choice of the mass loss rates for the three stellar types, which turn out to give (Ṁ * /R 2 * ) MS = (Ṁ * /R 2 * ) RG = (Ṁ * /R 2 * ) SG , thus resulting in the same (R ext /R * ) value at the BLR external border, defined by the condition n * = 10 8 cm −3 for any stellar type (see Eq. (3)).
It is easy to see that in the present case, we can build models corresponding to values around 0.1 for the total covering factor for envelope expansion velocities significantly larger than what results in the case of "standard" mass loss rates. In fact, we obtain C tot ≃ 0.1 for v term ∼ 0.4 km/s, which is more than one order of magnitude larger than the result obtained in the case discussed in Sect. 5.1. However, this velocities still are in a strongly subsonic range of values. Another improvement, with respect to the global results of the first case (discussed in Sect. 5.1), is the fact that for the present choice of stellar mass loss rates, the ratio C forb /C tot turns out to be quite smaller, typically ranging between 0.02 and 0.04 for the range of velocity parameter shown in Fig. 5 , thus setting the value of C forb significantly close to "vanishing".
Finally, we want to stress another important difference with respect to the case of the standard mass loss model, namely the fact that in the present scenario we have a much larger number of distinct emitting units constituting the BLR structure, since we can include all main sequence stars of the central cluster characterized by distances r from the central black hole that fall in the BLR contributing interval [r 1 , r 2 ] MS . For example, for models giving C tot ≃ 0.1, we get an estimate of the total emitting units in the BLR (N * ) tot ≃ 2.7 × 10 7 .
"Intermediate" mass loss rates
As a third case for stellar mass loss rates, we have chosen another set of r-dependent (Ṁ * ) i . In this case, however, we do not specify the physical motivation lying beneath the choice, like in Sect. 5.2, and we only rely on the fact that other mechanisms could be responsible of generating a condition in which mass loss rates of stars in the central cluster of an AGN could be altered (and enhanced) with respect to the "standard" values (see Sect. 6 for a brief discussion). This possibility has been taken into account also in previous analyses of BLR models based on stellar envelopes as individual contributors to the line emission. We refer, for instance, to the work of Scoville and Norman (1988) , in which the authors consider giant star envelopes in a central cluster as emitting units; they suppose that for the giant stars an "induced" mass loss, that turns out to depend on the distance r, is generated by some unspecified external heating from the central source. Therefore, our choice in the present Section is similar to the one of Scoville and Norman (1988) , since we do not analyse the physical mechanism responsible for affecting the stellar mass loss rates.
We have thus parameterized the mass loss rates that we take into account in the present Section as follows:
where we have chosen β = 0.3. For any type of star, the equations above define the mass loss rate that we use for the models we discuss in this Section for r up to the distance at which the value of the mass loss rate itself (which is a decreasing function of r) reaches the "standard" value mentioned at the beginning of Sect. 5.1, whereas for larger distances we discard Eqs. (31)- (33) and we assume that the mass loss rate is constant and given by the "standard" values of Sect. 5.1. As for the nuclear wind number density and temperature profiles (n w (r) and T w (r)) derived from the nuclear wind solution referring to the present case for mass deposition, we remind that n w (r) is shown in Fig. 4 as the dotted curve. The nuclear wind temperature profile shows no significant differences with respect to the one shown in Fig. 4 , from a qualitative point of view. The resulting total optical depth to electron scattering for the nuclear wind plasma is here τ T ≃ 0.4.
We want to note that, with respect to the case presented in the previous Section, for red giants the present choice of mass loss rate function has significantly larger values over most of the region from which we expect to have BLR contributions. A similar condition holds for MS stars as well, but the effect is weaker than for RGs. As for SG stars, the situation is less well defined, but (Ṁ * ) SG (r) is effectively larger than what we get in Sect. 5.2 over the outer portion of the region contributing to the BLR emission for SGs. As a consequence of this, the resulting contributions of the different types of stars to the total covering factor, that we again show as functions of the expansion velocity parameter v term in Fig. 7 , turn out to have a different relative importance with respect to the "enhanced" mass loss rate case of Sect. 5.2. In fact, in the present case RG stars are the dominant contributors to the total covering factor, but the contribution of main sequence stars is significant (∼ 22% of C tot ) at any value of the velocity parameter v term . On the contrary, the contribution due to much less numerous SG stellar component does not increase as much, and we get a C SG estimate which is ≤ 7% of the total value of the covering factor for any v term .
A closer inspection of the BLR models we have used to build the curves in Fig. 7 shows again that the bowshock mechanism for confinement of the stellar expanding envelopes is the one that effectively determines the extension of the envelopes under any condition for MS stars. For RG envelopes this is still true, except for the very low velocity end of the interval shown, in which case other confinement mechanisms dominate in the inner portion (r < ∼ 500r g ) of the BLR contributing region, [r 1 , r 2 ] RG . On the other hand, SG envelopes are confined basically by bow-shock mechanism for v term > 0.3 km/s, whereas for lower values of the velocity parameter other confinement mechanisms become more efficient in defining the envelope extension, just like the case analysed in Sect. 5.2. −2 km/s. We have given the values for main sequence stars as well, since they give a substantial contribution to the covering factor also in this case. 17 cm], independently of the velocity parameter, again because of the fact that the extension of the envelopes is always defined by the bow-shock mechanism. For RG envelopes, the BLR contributing interval has the same upper limit r 2 as that for MS contributors, whereas the inner boundary r 1 shows a dependence on the velocity parameter (see previous paragraph).
As it is easy to see from Fig. 7 , the present choice of mass loss rates for the central cluster stars turns out to be the most favourable one from the point of view of the value of the covering factor that can be recovered with our models. In particular, the interval of observationally inferred values for a Seyfert 1 BLR, defined in Sect. 4.2 to be ranging from 0.05 up to around 0.25, can be obtained with stellar envelopes characterized by expansion velocities in the range 0.5 − 3.0 km/s, which corresponds to subsonic, but physically sensible values for an expanding stellar atmosphere. As for the values of C forb , they turn Fig. 8 . Physical parameters characterizing stellar envelopes contributing to the BLR as functions of the normalized distance r/r g from the central black hole; these are the mean density of the envelope,n * (r), the estimate of the envelope extension, R ext (r), and the ionization parameter, U (r). The interval over which the physical quantities are plotted represents the "BLR" interval [r 1 , r 2 ] as defined in Sect. 4.2; the labels 0.1 and 2.1 identify the specific value (in km/s) of the terminal velocity parameter for which they are computed. We show the results for both MSs (upper panel) and RGs (lower panel), since they both significantly contribute to the total covering factor in the present case of "intermediate" mass loss rates. out to be sufficiently small to be considered "vanishing", similar to what happens in the case for "enhanced" mass loss rates of Sect. 5.2, since they at most reach 6% of C tot .
As a final consideration for the intermediate mass loss scenario we estimate total number of emitting units. Indeed, similar to the case for "enhanced" mass loss rates, we can include MS star envelopes in the total number of individual contributors to the model BLR, since their contribution to the total covering factor is also substantial in this case. This allows an estimate of (N * ) tot ∼ 3.2 × 10 7 stars; this number is even a little higher that the one estimated for the case of "enhanced" mass loss rates; this is due to the fact that in the present case the external boundary of the BLR contributing interval of distances is larger than that of the case discussed in Sect. 5.2, thus allowing to include a larger number of stars in the computation.
General Discussion
The results presented in the previous section show that our model is capable of reproducing the observational requirements listed in Sect. 4.2 (points 1-4). In fact, from Fig.s 3, 6 and 8 it is evident that the ionization parameter U is in the expected range of values, while r BRL is contained in the intervals [r 1 , r 2 ] where the conditions a)-d) of Sect. 4.2 are satisfied. As far as the covering factor is concerned, it is evident that its value strongly depends on the choice adopted for the stellar mass loss rates (compare Fig. 2, 5 and 7) . In the case of enhanced and intermediate mass loss rates, values in the range 0.05-0.25 can be recovered by choosing suitable values of the stellar envelope expansion velocities, while for standard mass loss rates this is possible only for very low velocity values. Hence, our values of C tot tend to exclude stellar envelopes with standard mass loss rates as plausible emitting units for a BLR model. On the other hand, regarding the covering factor for "broad" forbidden line emission, we recall that the star density distribution we have adopted has been chosen so that in all the presented cases C forb is minimized (see Sect. 5); in fact, it turns out to be negligible in both the cases presented in Sects. 5.2 and 5.3. We recall here that in the "standard" mass loss rate case, C forb is not negligible and we consider this one of the reasons why that particular model is not viable for building up a realistic BLR model.
While the analysis of this paper has produced strong constraints to most of the free model parameters, for some, namely the stellar distribution, the mass loss rates and the expansion velocity, the model cannot operate a definite choice. Any further test of the model and selection of these parameters requires more information coming from the comparison between the observed line profiles and relative intensities, and those predicted by the model. As we have already mentioned, we have planned to compute the detailed line profiles in a forthcoming paper, having now obtained a deeper insight in the role that different parameters play in the model. However, at this stage we would like to compare our model with the results of some other authors (Goad & Koratkar 1998 , Kaspi & Netzer 1999 , Korista & Goad 2000 who made attempts to infer from line profiles and intensities some "average" physical conditions in BLR condensations.
In the last years much work has been devoted to infer the BLR physical configuration starting from the observed BLR properties. Since the BLR emitting gas has been shown to be stratified in density (see Peterson 1993 and Netzer & Peterson 1997 for reviews) the idea was to derive both the dependence of the characteristic number density of the gas in the "cloud-like" emitting clumps (n * (r) in our notation) and that of the "cloud-like" structures' distribution (ρ * (r) in our notation) on the radial distance r from the central black hole. This analysis has been applied by the authors mentioned above to the case of the well studied and representative Seyfert 1 NGC 5548.
Combining a photoionization code with an optimization routine, Goad & Koratkar (1998) have found that line ratios and variability time scales can be reproduced assumingn * (r) ∝ r −2 . Kaspi & Netzer (1999) , through the "direct" method of guessing cloud properties and dis-tribution and calculating the resulting emission lines, have also found that a density gradient is necessary but their best fit isn * (r) ∝ r −s with 1 ≤ s < 1.5. In our resultŝ n * (r) slope is variable in the interval [r 1 , r 2 ] where star envelopes contribute to build up the covering factor. For n * (r) profiles shown in Fig.s 3, 6 and 8 a piece-wise power law approximation gives logarithmic slopes from 1.5 up to 2. These values cannot be used to exclude or to prefer one of the assumed mass loss profiles, since they do not contradict any of the two previously quoted analyses.
Recently Korista & Goad (2000) have tested the "locally optimally emitting clouds" (LOC) model, proposed by Baldwin et al. (1995) , by comparing the predicted spectrum with that of NGC 5548. One of the results they attain is that the power law index of the quantity they define as the radial cloud covering fraction must be in the range -1.6 to -0.5. In our notation this implies that the product R 2 ext (r)ρ * (r) must be a function of r which is representable by a power law whose exponent should be in the range [−1.6, −0.5] mentioned above. Since the star distribution function ρ * (r) that we have adopted has a logarithmic slope ranging from -0.7 around r/r g = 10 3 down to -2 around r/r g = 10 4 , this comparison favours R ext (r) functions flatter than r 0.75 . This fact again implies that "enhanced" and "intermediate" mass loss rates are preferable, since in these cases the functional form of R ext (r) does indeed fulfill the requirement above (in fact, it turns out that it is ∝ r 0.66 or flatter both for MS and RG stars).
Both Korista and Goad (2000) and Kaspi and Netzer (1999) derive an estimate for the extension of the BLR. For the first ones the maximum BLR extension can be up to 200 light days, while for the second ones it can be up to 100 light days. In our model, the values for the derived external BLR radius, r 2 , for the case of "intermediate" mass loss (see Sect. 5.3) are larger than those derived for the case of "enhanced" mass loss rates presented in Sect. 5.2; however, they are in any case consistent with the estimate obtained by Korista and Goad (2000) . Again, this comparison is encouraging for our model, but not definite enough to allow for a selection of most appropriate mass loss rate values. In any case, the general comparison of our model with the global inferred physical conditions for the BLR discussed above favours the two configurations analyzed in Sects. 5.2 and 5.3, characterized by distance dependent stellar mass loss rates and especially by a substantial contribution to BLR emission coming from MS star envelopes, whose mass loss rate is strongly enhanced with respect to their "standard" value.
Besides the X-ray illumination mechanism that we have discussed and examined in Sect. 5.2, other mechanisms have been analyzed in literature, that support the physical plausibility of this type of induced and rdependent stellar mass loss rates. Here we just want to mention a couple of these works. For example, MacDonald, Stanev & Biermann (1991) performed an analysis of the effects of neutrino and high energy particle flux from the central source on the stars of the central cluster and their winds; their main result is that these stellar winds can be affected in the sense of a mass loss enhancement. Also, Baldwin et al. (1996) have computed the radiative acceleration on the photospheric layers of stars at BLR distances for a number of high-luminosity AGNs; comparing this acceleration with the star surface gravity, they conclude that all the stars, including main sequence ones, can indeed be affected, thus producing an enhanced mass loss. We recall that for the case of r-dependent and enhanced mass loss rates that we have discussed in Sect. 5.3, we have not explicitly defined the physical mechanism inducing the enhancement, similarly to what is done in Scoville and Norman (1988) (see Sect. 5.3), but we just supposed one of such mechanisms to be at work.
Going back to what we have pointed out above, the two cases discussed in Sects. 5.2 and 5.3 fall in the same "category" of models, characterized by strongly enhanced mass loss rates and a significant contribution to the BLR emission coming from MS stars. This is interesting from two different, but connected, points of view. First, within this picture the large number of individual emitting units does not imply too large collision rates between the stars. In fact, the star collision rate (Eq. (18)) relative to the star distribution, ρ * (r), for which we have computed the models whose results are shown in Sect. 5 (the one labeled with "1" in Fig. 1 ) turns out to be τ ≃ 1 collisions/yr. The total star collision rate is an estimate of the total number of stellar collisions that take place in the whole cluster in a year; however, to understand to what degree the cluster structure is affected by stellar collisions another quantity must be introduced, that is the time that it takes for a star to be destroyed by collisions with other stars belonging to the cluster. Following Begelman & Sikora (1992) , we introduce here the destruction time due to mutual collisions for a star in the cluster as
where the number 10 at numerator is the number of collisions that a star has to undergo to be finally disrupted; the value used above is estimated from the fraction of stellar mass lost per collision that Begelman & Sikora (1992) evaluate as ∼ 0.1. In our model the destruction time per star turns out to be the same for red giant and main sequence stars (since (R * ) RG = 10 (R * ) MS and f RG = 0.01 f MS ) and it varies with the distance r from the central black hole. To derive an estimate of its value, we have computed it in the region of interest for this work, that is at a distance which is around a half of the estimated external radius (r 2 ) of the BLR model, i.e. ∼ 10 4 r g , obtaining t coll (x = 10 4 ) ≃ 8 × 10 8 yr. A necessary condition for our picture to be consistent is that the MS star evolution time is shorter than the star destruction time. Taking into account the value of t coll derived above, this condition is verified for stars with masses larger than 2.6 M ⊙ which, in a star cluster of 3 × 10 7 stars, assuming the Salpeter initial mass function, constitute ∼ 3% of the total star number. This percentage of stars can account for the as-sumed quantity of evolved stars in our model. Obviously, going closer to the cluster center, t coll decreases and this condition can no longer be fulfilled. However, there are a few arguments that suggest that the destruction time for collisions computed above should be considered as a sort of lower limit evaluation. In fact, as Scoville & Norman (1988) argue, ordered stellar motions may result in a lower collision rate. In addition, as discussed by these same authors, stars orbiting on elongated elliptical orbits would spend only a short part of their life in the inner region of the cluster and this would result in a larger survival probability as well. Our present discussion is centered on survival conditions for the central stellar cluster as we have chosen to model it. Its relation to the AGN lifetime (possibly < 10 8 yr) and to the time at which the nuclear activity switches on with respect to the evolutionary stage of the cluster itself would indeed deserve further insight. However, in the present context, it is probably just the case to mention the possible relevance of this issue and we leave its analysis to different work. Back to the original point, even accounting for these last considerations, the discussion above shows that the very large values of the star number density characterizing the stellar distribution ρ * (r) that we have chosen for our models (the one labelled with 1 in Fig.(1) ) can be regarded as very close to the upper limit for the maintainance of the cluster integrity. Indeed, higher stellar densities would result in a cluster evolution much faster than what is required when the cluster star envelopes are believed to represent the structural components of an AGN Broad Line Region. As a matter of fact, this is indeed the case when the only stellar populations forming expanding envelopes suitable for Broad Line emission (i.e., contributing to the BLR) are those of RGs and SGs. In fact, both RG and SG populations amount to only a small fraction of the total stellar number in the cluster (i.e., ∼ 1%, see Sect. 4.1); as a consequence, requiring a number density of RG and SG envelopes, as contributing emitting units, sufficiently large to justify the observationally inferred covering factors implies a total number density of stars around 100 times larger. This would lead to a destruction time (as estimated through Eq. (34)) unacceptably short. (see Begelman & Sikora 1992) .
In addition, a second point of interest regarding the significant contribution of MS star envelopes to the BLR emission, is that, owing to the large number of emitting structures, our model can be easily set in accordance with the results of the studies of bright AGN spectra, performed with cross-correlation techniques, such as those of Arav et al. (1997 Arav et al. ( , 1998 , that claim to determine a lower limit on the number of individual emitting structures of the BLR, for models based on discrete emitting units composing the region. In particular, for Mk 335, these same authors derive a lower limit for the number of reprocessing cloud-like structures, which is expected to be around 3 × 10 6 . To compare our model to the results inferred by Arav et al. (1997 Arav et al. ( , 1998 for Mk 335, we have to take into account configurations with a more powerful central AGN nucleus. Therefore, we have analyzed models for L = 10 45 erg/s, that is the luminosity of this source. To model an AGN with this luminosity, we have chosen the same central black hole mass as that shown in Table 1 of Paper I, namely M BH = 1.12×10 8 M ⊙ ; also, for simplicity, we suppose that the central star cluster has just the same profile ρ * (r) as the one adopted for the case of luminosity L = 10 44 erg/s (see the curve labeled with "1" in Fig. 1 ). With these hypotheses, we can test the resulting total number of stars within a distance corresponding to the estimated external boundary of the BLR model, comparing it with Arav et al. (1997 Arav et al. ( , 1998 lower limit evaluation of the number of individually emitting units in the source mentioned. Our result turns out to be (N * tot ) 45 ≃ 3.9 × 10 7 stars, where we have computed this number using the estimate we obtain for (r 2 ) MS ∼ 2.3 × 10 4 r g , since the total number of stars is essentially determined by the number of MS stars in the cluster for scenarii of the type described in Sects. 5.2 and 5.3. Our evaluation of (N * tot ) 45 turns out to be well above the lower limit found by Arav et al. (1997 Arav et al. ( , 1998 , and this is another encouraging outcome. As for other properties of broad line emitting stellar envelopes in this same case of "high" luminosity (L = 10 45 erg/s) AGN, these turn out to show behaviours that are similar to those we have discussed in Sects. 5.2 and 5.3 for the case for L = 10 44 erg/s. We note in passing that the bow shock mechanism for envelope confinement is in general still the most efficient, although in this higher luminosity case Comptonization confinement (see Sect. 2, Eq. (12)) can be dominant in the inner (r < ∼ 500r g ) portion of the model broad line emitting zone (that is, closer to the central luminosity source, where the radiation flux is stronger).
As a final remark, we note that the fact that the model outcome in this scenario can be set in accordance with the very large number of discrete broad line emitters in the region required by the analysis performed by Arav et al. (1997 Arav et al. ( , 1998 could be of relevance with respect to the BLR structure problem, because it would show that discrete emitting units models of the BLR are not necessarily ruled out by the analysis of Arav et al. (1998) .
Conclusions
In this paper we have analyzed the scenario in which BLR emission originates in expanding atmospheres of the stars of a dense central cluster embedded in the hot, tenuous plasma outflowing from the AGN. Immersing the central star cluster in its specific AGN environment and investigating the interaction of the stellar wind with the AGN outflow, we consider the shock fronts generated by the interaction of the stellar wind and AGN outflow as another confining mechanism for the stellar envelopes. In our model, the nuclear wind structure depends on the features of the dense stellar cluster around the central black hole (including the mass loss rates of the stellar components of the cluster itself). At the same time, the physical conditions of the stellar envelopes emitting the broad lines depend on the nuclear wind properties. Thus, looking for the stellar envelope physical conditions that are appropriate to reproduce the general characteristics of the BLR as they are deduced from observations, we have solved the problem consistently.
We have identified those parameters that significantly influence the resulting BLR model properties: these turn out to be v 0 , a stellar wind velocity parameter, the set {Ṁ MS ,Ṁ RG ,Ṁ SG } of stellar mass loss rates, and ρ * (r), the star number density distribution. Indeed, we have explored different possibilities for building a BLR composed of mass losing stellar envelopes, determining, in the very specific and extreme AGN central region environment, the conditions under which different star types contribute to the observed line emission. In summary, we have selected two main choices for the BLR structure, namely 1) a scenario in which stars are taken as characterized by their "standard" (i.e., as known from solar neighbourhood studies) mass loss rate, examined in Sect. 5.1, and 2) another one in which stars are characterized by an enhanced mass loss rate. Both cases, the "enhanced" mass loss rates and the "intermediate" mass loss rates, examined in Sects. 5.2 and 5.3, belong to this second picture. In the first scenario, red giant and supergiant envelopes are the foremost contributors to BLR, while in the second, main sequence stars turn out to be an important constituent of the BLR.
For both scenarios, we have built configurations that meet the basic physical conditions for stellar extended atmospheres to be able to contribute to BLR emission. As discussed in Sect. 6, the observational requirements are much better fulfilled by models built in the second scenario, allowing for large mass loss rates, with respect to those that we can construct starting from the assumption of standard stellar mass loss rates. In addition, if we compare the two scenarios with the further conditions inferred from a global analysis of BLR observations and with the deductions of Arav et al. (1997 Arav et al. ( , 1998 on the total number of individually emitting structures in the BLR, again we find a differentiation in behaviour and outcomes. The scenario in which main sequence stars are also endowed with winds capable of producing stellar envelopes with a non-negligible mass loss rate is therefore preferable. This point shows the importance of the choice of the mass loss rate in our model.
Besides the above general considerations, in our model the most stringent quantity turns out to be C tot . In particular, covering factors that match the range derived from observations are not easily obtained. To recover values of C tot as large as those observationally inferred we need to suitably choose the star number density ρ * (r) and/or the ratioṀ /v 0 . The star number density distribution of the cluster orbiting around the central black hole turns out to be crucial in our model. In fact, the observed BLR features can not be recovered for any given ρ * (r): while the required global amount of stars in the cluster is not large, the star number density in the central region (i.e. around 10 16 cm) must be rather high. Also, high mass loss rates and low outflow velocities are preferable.
Even with these limitations, the model nevertheless constitutes a consistent structure for a BLR embedded in an AGN wind-type plasma outflow, with individual emitting units characterized by the appropriate values of physical quantities for broad line emission. Of course, a more detailed comparison of the line shape and intensity produced by our model would be necessary to strengthen the validity of this approach. As a first step, however, we can assert that the results we obtain are encouraging, because this analysis has determined strong constraints on the free parameters in the model. Such constraints will be useful in the derivation of the characteristic line profiles that can be predicted by our model.
